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Mandibular fractures are rare, most commonly occurring in young male patients who
present with facial trauma. The etiology, incidence, and presentation vary among
previous publications depending on cultural and socioeconomic factors of the region of
origin. This multi-institutional study aims to present demographic characteristics,
surgical treatment, and clinical outcomes of surgical repair of mandible fractures in the
United States. An analysis of the American College of Surgeons National Surgical
Quality Improvement Program (ACS NSQIP) adult databases of the years 2006 through
2014 was performed identifying 940 patients with an International Classification of
Diseases, version 9 (ICD-9) diagnosis of either closed or open fracture of the mandible.
Preoperative, perioperative, and postoperative details were categorized and evaluated
for these two cohorts. Multivariate analysis was performed to detect risk factors
related to any complications. Patients were predominantly male (85.7%), young with a
mean age of 34.0 &+ 14.8 years, and relatively healthy with body mass index of
23.6 + 8.2 and an American Society of Anesthesiologists (ASA) class of 1 or 2
(84.4%). However, more than half were regular smokers (51.1%). The top five most
frequent procedures performed for mandibular repair were exclusively open surgical
approaches with internal, external, or interdental fixation in both cohorts. Patients with
open fractures were more often admitted as emergencies, treated inpatient, required
longer operative times, and presented with more contaminated wounds (p < 0.05).
Overall, medical (1.7%) and surgical complications (3.7%) were low. A high ASA class 3
or above and emergency operations were identified as risk factors for medical adverse
events. Despite frequent concomitant injuries after trauma and a diverse array of
mandibular injury types, our patient sample demonstrated favorable outcomes and
low complication rates. Open surgical techniques were the most common procedures
in this study representing the American population.
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Surgical Management and Outcomes of Mandibular Fracture Repair in Adults

Although infrequent in the general population, mandibular
fractures are a proportionally common finding in patients
suffering from facial trauma.' Aside from rare cases of
malignancy? or osteonecrosis, motor vehicle accidents, vio-
lence, and sports account for the majority of cases involving
damage to the mandible, its teeth, and the surrounding soft
tissue. > Younger men are particularly prone to such injuries
due to their affinity to high-risk professional and leisure
activities, as well as more violent behaviors.”™’

Mandibular fractures are categorized based on the loca-
tion of bone disruption. Therefore, possible classifications of
fractures include condylar, subcondylar, coronoid process,
ramus, angle, body, parasymphysis, or symphysis. Greenstick
fractures are a category exclusively found in young children.
Further differentiations are made in terms of complexity
(simple or comminuted), soft-tissue involvement (open or
closed), and teeth dislocation or misalignment.?

During patient assessment, it is vital to first identify any
concomitant, possible life-threatening injuries,' the most
important being airway obstructions, prior to treatment of
the mandible.” Next, history, focused physical exam, and
imaging studies determine the extent and type of facial
injury. Definitive treatment for a mandible fracture includes
observation, conservative closed approaches, or various
open surgical procedures to achieve a cosmetically and
functionally satisfactory result.

While previous publications reported on the therapy of
mandibular fractures, many studies solely provide treatment
algorithms from authors’ personal experiences,”'%"1? eval-
uate small patient samples,'>'* or confine themselves to
specific populations.”'> With this in mind, we utilized the
nationwide multi-institutional American College of Sur-
geons National Surgical Quality Improvement Program
(ACS NSQIP) adult database to design a retrospective study
exploring the surgical treatment of mandible fractures
across the United States. The purpose of this study was to
determine which procedures are commonly performed for
the treatment of mandibular fractures, analyze the surgical
outcomes and complications of these operations, and detect
risk factors for adverse events.

Methods

The ACS NSQIP databases of the years 2006 through 2014
are the source of the data presented in this report.'® This
national multicentric program included more than 750,000
surgical cases for 2014 alone, is steadily growing in parti-
cipating institutions and case numbers, and thus ideally
suited to conduct high-quality evidence-based research.
Anonymized patient information is continuously uploaded
to the ACS and includes variables, such as preoperative
comorbidities, perioperative details, and postoperative fol-
low-up.

Based on the International Classification of Diseases,
version 9 (ICD-9),"” we performed a retrospective analysis
of the NSQIP and created two cohorts screening for codes
802.2 (closed fracture of mandible) and 802.3 (open fracture
of mandible). Descriptive calculations were done for each
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cohort with regard to demographics and preoperative de-
tails. Primary surgical procedures performed were deci-
phered using the American Medical Association Current
Procedural Terminology (CPT)'® codes. Next, perioperative
data analysis revealed information, such as the surgical
specialty performing the procedure, operative time, or
length of hospitalization.

In addition to readmission, reoperation, and mortality,
primary outcomes of interest were separated into two global
categories: medical and surgical complications. Adverse
events are documented and reported only to NSQIP if they
occurred within the standard 30 days after surgery. Pulmon-
ary complications included reintubation, failure to post-
operatively wean off the ventilator within 48 hours, and
pneumonia. Cardiac events consisted of cardiac arrest re-
quiring cardiopulmonary resuscitation (CPR) and myocardial
infarction. Urinary tract infections, renal failure, and renal
insufficiency were cases of renal complications. Hematologic
complications included deep vein thrombosis (DVT) and
pulmonary embolism (PE), while infectious events were
defined as sepsis or septic shock. Surgical complications
consisted of surgical site infection (superficial, deep inci-
sional, organ space), wound dehiscence, and bleeding requir-
ing transfusion. This study was approved by our institutional
review board. The authors adhered to the Declaration of
Helsinki at all times.

Statistics

Descriptive statistics were calculated and analyzed for all
patients meeting the aforementioned inclusion criteria. Uni-
variate analysis compared the two cohorts for preoperative
risk factors, patient comorbidities, procedures, and their
final outcomes. Statistical level of significance was set at
5% (p < 0.05) for all analyses using the unpaired sample t-
test for continuous and the chi-square test for categorical
variables. Factors with p-values less than 0.10, in addition to
clinically pertinent factors, were gathered for a multivariate
logistical regression analysis to control for confounders and
to quantify the influence of various factors on complication
rates. Statistics were conducted using SPSS version 24.0 (IBM
Corp., Armonk, NY).

Results

A total of 750 patients with closed fracture and 190 with
open fracture of the mandible were identified in our study
leading to a total of 940 cases. The mean age was 34.0 + 14.8
years and 85.7% of the patients were male (~Fig. 1). Pre-
operatively, 51.1% of the included patients were regular
smokers, while 5.4% reported regular consumption of alco-
hol. Mean body mass index (BMI) was 23.6 + 8.2. With
regard to medical comorbidities, hypertension and diabetes
were the most common diseases: 11.6 and 3.4%, respectively.
None of the demographic variables reached significance
between our two cohorts, except for smoking that was
statistically more prevalent (p = 0.023) with patients who
suffered a closed fracture (~Table 1).
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Fig. 1 Age and gender distribution of patients with mandibular fracture.
Table 1 Demographics and comorbidities
Variable Total fractures Closed fractures Open fractures p-Value
(n = 940) (n = 750) (n = 190)
Cases, % of total Cases, % of total Cases, % of total
Age (mean =+ SD) 34.0 + 14.8 34,5 +15.0 32.1 +£13.8 0.050
Sex
Male 805 (85.7) 644 (85.9) 161 (84.7) 0.800
Female 134 (14.3) 105 (14.0) 9 (15.3) 0.800
BMI (mean + SD) 23.6 + 8.2 23.3 + 8.3 246 + 7.5 0.063
Race
White 455 (48.4) 366 (51.5) 89 (47.8) 0.403
Black 219 (23.3) 171 (24.1) 48 (25.8)
Asian 15 (1.6) 11 (1.5) 4(2.2)
Hawaiian or Pacific Islander 11 (1.2) 8 (1.1) 3(1.6)
Native American 9 (1.0) 5(0.7) 4(2.2)
Unknown 231 (24.6) 189 (25.2) 42 (22.1)
Clinical factors
Smoker 480 (51.1) 397 (52.9) 83 (43.7) 0.023¢
Regular alcohol use® 51 (5.4) 40 (5.3) 1(5.8) 0.889
Steroid use 3(0.3) 2(0.3) 1(0.5) 0.571
Comorbidities
Diabetes 32 (3.4) 26 (3.5) 6 (3.2) 0.834
Hypertension 109 (11.6) 89 (11.9) 20 (10.5) 0.606
Bleeding disorder 10 (1.1) 9(1.2) 1(0.5) 0.419
Pulmonary history 9 (1.0) 7 (0.9) 2(1.1) 0.880
Cardiac history 8(0.9) 7 (0.9) 1(0.5) 0.585
Renal history 3(0.3) 3(0.4) 0 (0.0) 0.383
Neurologic history 8 (0.9) 8 (1.1) 0 (0.0) 0.153
Abbreviations: BMI, body mass index; SD, standard deviation.
?Significant with p < 0.05.
®More than two drinks per day, every day, for more than 2 weeks prior to surgery.
Craniomaxillofacial Trauma and Reconstruction  Vol. 11 No. 1/2018
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Table 2 Operative factors
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Variable Total fractures Closed fractures | Open fractures p-Value
(n = 940) (n = 750) (n = 190)
Cases, % of total | Cases, % of total | Cases, % of total

Procedure type (top 5)

Open treatment of mandibular fracture, 431 (45.9) 347 (46.3) 84 (44.2) 0.578

with interdental fixation

Open treatment of complicated mandibular 235 (25.0) 178 (23.7) 57 (30.0)

fracture by multiple surgical approaches

including internal fixation, interdental fixation,

and/or wiring of dentures or splints

Open treatment of mandibular fracture, without | 105 (11.2) 86 (11.5) 19 (10.0)

interdental fixation

Open treatment of mandibular fracture, with 27 (2.9) 24 (3.2) 3(1.6)

external fixation

Open treatment of mandibular or maxillary 24 (2.6) 18 (2.4) 6 (3.2)

alveolar ridge fracture
Emergency case 141 (15.0) 99 (13.2) 42 (22.1) 0.002°
Inpatient 431 (45.9) 328 (43.7) 103 (54.2) 0.010°
ASA classification

Class 1 265 (28.2) 208 (27.7) 57 (30.0) 0.601

Class 2 528 (56.2) 421 (56.1) 107 (56.3)

Class 3 142 (15.1) 116 (15.5) 26 (13.7)

Class 4 5 (0.5) 5(0.7) 0 (0.0)
Operative time, minutes (mean + SD) 126.9 + 72.8 122.6 + 68.8 143.72 + 84.9 <0.001°
Hospitalization length of stay, days 1.3+£42,1.0 1.3+24,1.0 1.3 +8.0,1.0 0.875
(mean + SD, median)
Specialty

Otolaryngology 588 (62.6) 464 (61.9) 124 (65.3) 0.849

Plastic surgery 321 (34.1) 260 (34.7) 61 (32.1)

Other 31 (3.3) 26 (3.4) 5 (2.6)

Abbreviations: ASA, American Society of Anesthesiologists; SD, standard deviation.

?Significant with p < 0.05.

The five most common procedures performed in both the
closed and open fracture cohort were exclusively open
surgical approaches listed in =Table 2 with no statistical
difference in procedure performed based on type of fracture,
open or closed. Furthermore, the distribution of American
Society of Anesthesiologists (ASA) classifications (ASA 1 + 2:
84.4%), length of hospitalization (1.3 & 4.2 days), and speci-
alty involved (otolaryngology: 62.6%, plastic surgery: 34.1%)
were similar for closed and open fracture patients. However,
open fractures were significantly more often emergency
cases (p = 0.002), more frequently treated on an inpatient
basis (p = 0.010), and required a longer operative time
(p < 0.001) as displayed in ~Table 2.

Medical complications within the NSQIP’s 30-day fol-
low-up period were low in both cohorts arising in 1.5% of
closed and in 2.6% of open fracture patients (overall: 1.7%).
Surgical complications occurred in 4.0% of closed and 2.6%
of open cases (overall: 3.7%). The wounds of patients with
open fractures were classified significantly higher, meaning
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more contaminated, than those of patients with a closed
mandibular fracture (p < 0.001). Readmission (closed:
2.3%, open: 2.1%) and reoperation rates (closed: 1.5%,
open: 0.5%) were at similarly low levels. Only one fatality
(0.1%) occurred in this study in a patient with a closed
fracture of the mandible. There were no significant differ-
ences between the groups in terms of adverse outcomes
(=Table 3).

The subsequent multivariate regression analysis revealed
only a statistical association between a high ASA class 3+
(odds ratio [OR] = 7.74, p = 0.003), as well as emergency
operations (OR = 3.62, p = 0.032), and the risk of suffering
from medical complications following surgical mandible
fracture repair (OR = 7.74, p = 0.003). Age, type of fracture,
operative time, and smoking were not related to medical
adverse events (=Table 4). Despite a larger number of
surgical complications in both our cohorts (n = 35), no
factors were identified that could be associated with more
prevalent surgical complications (~Table 5).
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Table 3 Outcomes and complications
Outcome Total fractures Closed fractures Open fractures p-Value
(n = 940) (n = 750) (n = 190)
Cases, % of total Cases, % of total Cases, % of total

Medical complication 16 (1.7) 11 (1.5) 5(2.6) 0.267
Pulmonary 9(1.0) 6 (0.8) 3(1.6) 0.325
Reintubation 3(0.3) 2 (0.3) 1(0.5) 0.571
Failure to wean off ventilator within 48 h 5(0.5) 3(0.4) 2(1.1) 0.269
Cardiovascular 2(0.2) 2(0.3) 0 (0.0) 0.476
Renal 5 (0.5) 3(0.4) 2(1.1) 0.269
Hematologic 2(0.2) 1(0.1) 0 (0.0) 0.615
Infectious 3(0.3) 2(0.3) 1(0.5) 0.571
Surgical complication 35(3.7) 30 (4.0) 5(2.6) 0.374
Wound class

1: Clean 115 (12.2) 98 (13.1) 17 (8.9) <0.001

2: Clean/Contaminated 704 (74.9) 570 (76.0) 134 (70.5)

3: Contaminated 81 (8.6) 60 (8.0) 21 (11.17)

4: Dirty/Infected 40 (4.3) 22 (2.9) 18 (9.5)
Readmission 21 (2.2) 17 (2.3) 4(2.1) 0.893
Reoperation 12 (1.3) 11 (1.5) 1(0.5) 0.302
Mortality 1(0.1) 1(0.1) 0(0.0) 0.615

Table 4 Multivariate regression analysis of medical complications (n = 16)

Variable OR 95% Cl p-Value
Age 1.02 0.99-1.06 0.240
ASA 3 or higher 8.65 2.19-34.14 0.002°
Open 1.93 0.60-6.26 0.273
Operative time 1.00 0.99-1.01 0.958
Emergency case 3.62 1.12-11.73 0.032°
Smoker 0.72 0.24-2.14 0.552

Abbreviations: ASA, American Society of Anesthesiologists; Cl, confidence interval; OR, odds ratio.

?Significant with p < 0.05.

Discussion

Which Patients Present with Mandibular Fractures?

Owing to its prominence' " and lack of soft-tissue protection,
the mandible is the most frequently broken bone in patients
admitted for facial fractures."”'° Incidence rises in children
resulting in a peak incidence in the 16- to 20-year age
bracket.?® Furthermore, adolescents and men make up the
vast majority (75-90%) of patients with such injuries,21+22
which is typically explained by their more risky behavior."’
Unlike children, who are more likely to suffer mandibular
fractures due to falls, adults are more likely to sustain these
injuries from motor vehicle accidents or assaults.” While the
NSQIP database does not provide details on the cause of
injury, our age (mean: 34.0 + 14.8 years) and gender (85.7%
male) distribution is comparable to that of world literature

(~Fig. 1).>*23 The patients in this study demonstrated
limited comorbidities, a BMI within the normal weight range,
and primarily an ASA classification of 1 or 2. Interestingly,
greater than half of these patients were smokers (~Table 1).
A previous retrospective study determined similarly high
rates of smokers (35.4%) in their patients treated for man-
dibular fractures.?*

Treatment of Open versus Closed Fracture: Does It
Make a Difference?

In our study, patients with open mandibular fractures were
significantly more likely to be admitted with emergency
status (p = 0.002), provided care as inpatient (p = 0.010),
and ultimately required longer operative times (p < 0.001).
The former two findings can be related to the patients’
wound classifications. Those with an open fracture more

Craniomaxillofacial Trauma and Reconstruction  Vol. 11 No. 1/2018
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Table 5 Multivariate regression analysis of surgical complications (n = 35)

Variable OR 95% Cl p-Value
Age 1.02 0.99-1.04 0.188
ASA 3 or higher 0.90 0.34-2.61 0.907
Open 0.73 0.28-1.93 0.525
Operative time 1.00 0.99-1.00 0.709
Emergency case 0.51 0.18-1.95 0.383
Smoker 1.28 0.64-2.56 0.478

Abbreviations: ASA, American Society of Anesthesiologists; Cl, confidence interval; OR, odds ratio.

frequently presented with a contaminated wound class 3 or
higher (p < 0.001) and subsequently required more urgent
operative interventions and received closer postoperative
monitoring. The latter likely results from damage to the
mandibular soft-tissue envelope and requirement for wash-
outs, debridements, or facial reconstruction procedures that
are represented by secondary CPT codes not included in our
analyses.

Despite these discrepancies, primary procedure types in
the closed and open fracture cohorts and the mean length of
hospitalization were similar. A large multicenter European
study on mandibular fractures showed higher hospitaliza-
tion times (2.0-10.6 days), although these variations can be
due to differences in health care systems.?> The NSQIP data
suggested that otolaryngology appeared as the service pre-
dominantly providing operative treatment of the jaw in both
our groups. This finding may be partly explained by the fewer
number of plastic surgeons (6,942) as compared to otolar-
yngologists (9,320) board certified in the United States as of
2013."8 Due to the lack of oromaxillofacial surgery (OMFS)
data in the ACS NSQIP databases, their global role in and
influence on the treatment of jaw fractures cannot be
assessed in this study. According to a study analyzing emer-
gency treatment at a single institution, OMFS was preferred
for referrals of mandibular fractures;2° yet, these trends
may vary between different regions and institutions in the
United States.

Choice of Operative Technique

Multiple publications from diverse specialties have
described closed conservative treatment for simple and
closed mandibular mandibular fractures. This may include
closed reduction in combination with either interdental
wiring'" or maxillomandibular fixation'? if patients present
with stable teeth. Closed procedures have been described in
publications of OMFS institutions for the treatment of iso-
lated mandibular fractures.” Interestingly, no conservative
closed management for mandibular fracture made it to the
list of five most prevalent procedures based on the data
provided by the NSQIP. Similar to a European multicenter
study,?? the open approach was the predominant (> 87%)
procedure for both open and closed fractures. This involves
direct visualization and the reduction of the mandibular
fragments combined with interdental fixation, and internal
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fixation with screws and plates (rigid)'* or transosseous
wires (nonrigid)?' and is typically described for any more
complex mandibular fractures. In our study, 70.9% of all
fractures were treated by open technique with some form
of internal and/or interdental fixation, which is typically
necessary for any osseous or joint instability. In only 11.2% of
cases, such fixation was not included in the open operative
procedure suggesting a rather stable fracture. In addition,
these data suggest that the choice for an open procedure was
not based on the patient’s dental health alone. External
fixation, which was used in 2.9% of cases, is reserved for
the most complicated fractures with large soft-tissue defects
or when immediate jaw bone repair is not possible.13 These
surgical details and the distribution of procedures in this
study indicate that our patient sample was in fact suffering
from more complex fracture patterns, given that conserva-
tive treatment was so infrequently applied (=Table 2). Ulti-
mately, however, the management of the fracture is tailored
for the individual based on fracture pattern and concomitant
injuries and varies between distinct patients.

Complications from Mandibular Fractures

Complications of trauma leading to fracture of the mandible
can be related to either concomitantly sustained injuries of
other body parts or directly to the jawbone injury. The latter
includes infection and bone nonunion,'® improper repair
requiring revisions,''* malocclusion,'®'4 paresthesia,'* and
unsatisfactory aesthetic results.! Patient comorbidities and
the universal burden of anesthesia, surgery, and hospitaliza-
tion can furthermore lead to multiple medical adverse out-
comes and should not be underestimated. Prior author
groups have published complication rates between 0.0 and
20.0%,1:7:1419.24.27-29 yet vary in their criteria of what is
considered such. The complication rates in our study, 1.7% for
medical and 3.7% for surgical events, were on the lower end
of that range, potentially because of the limited follow-up in
the NSQIP database. No statistical difference in complica-
tions was detected between the closed and open fracture
cohorts, although the latter did receive scores 3+ on their
classification of wound contamination (=Table 3). Smoking,
alcohol consumption, and substance abuse have been
detected as risk factors for postoperative complications of
mandibular surgery by other authors.?*?® Multivariate
regression analysis of our data, however, only showed a
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high ASA class and emergency operations associated with a
risk for medical complications (~Table 4). The majority of
calculations did not lead to significance considering the
rarity of adverse occurrences. Smokers (51.1%) had no sta-
tistically increased risk for adverse events than nonsmokers.
Their extremely high prevalence in our patient sample did
not lead to high complications. The patients’ young age, low
BMI, and low ASA class may compensate for the risks
associated with smoking.

Finally and similar to other studies, our data failed to
demonstrate any significance between operative techniques
in terms of complications.21 Due to the anonymity of the
databases, the cause of death of the one deceased patient
(0.1% fatality) cannot be determined. Based on the findings of
previous publications, it was likely due to a concomitant
injury of vital organs and not related to the mandibular
repair.3°

This report is not without certain limitations. The NSQIP
databases are tended to by the institutions and their staff
who upload patient data that are dependent on accurate
documentation. The 940 surgical cases included in our study
came from a variety of institutions, which are de-identified
by design. The results in this report may therefore not be
representative for every clinical setting. Furthermore, surgi-
cal treatment performed by OMFS, a historically dental
specialty, is not included in the ACS NSQIP databases and
this might distort results. Finally, patients are monitored
only for 30 days after surgery by NSQIP standards. Any
complication, readmission, and reoperation afterward would
be missed and reported as an entirely new case. This study is,
therefore, not able to evaluate the long-term functional and
cosmetic outcomes of mandible repair and potential facial
reconstruction.

Conclusion

Mandibular fractures remain a rare entity within the average
population and are almost exclusively a consequence of
external trauma to the face. In our NSQIP databank review,
the 30-day outcomes were very favorable: complication rates
were 1.7% for medical and 3.7% for surgical events. High ASA
class and emergency operations were identified as risk
factors associated with nonsurgical complications. The
open reduction and internal fixation are the most common
approaches in surgical management, regardless of open or
closed fracture. This report presents the first study with
multi-institutional patient data representative for adult pa-
tients in the United States.
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